Introduction
============

Stroke is one of the leading causes of death and long-term disability in adult worldwide[@B1], [@B2]. Some clinical studies showed that the intravenous thrombolytic therapy within 3 h from the onset of the symptoms reduced mortality and disability. What happened in the ischemic brain tissue after the blood flowed there again? Which factors played protective roles, and which ones played harmful roles? microRNAs (miRNAs), a class of single‑stranded non‑coding endogenous small RNA molecules of between 19 and 24 nucleotides in length, play critical roles in a variety of biological processes, including cell proliferation, differentiation, development, cell cycle, metabolism, apoptosis and immunity[@B3]-[@B5]. Accumulative data has demonstrated the important regulatory roles of microRNAs in vascular and neural damage after ischemic stroke[@B1]. However, the functional significance and mechanisms of miRNAs in cerebrovascular pathophysiology after ischemia stroke remain unclear. miR-186-5p, which is previously reported to serve as a circulating biomarker for certain cancers[@B6], is a double-edged sword and plays even opposite roles in apoptosis in different physiological and pathological processes. In this study, we investigate miR-186-5p\'s effect and mechanism in ischemia and reperfusion by inducing apoptosis.

Materials and Methods
=====================

Patients and study design
-------------------------

The procedure of human serum sample collection was approved by the Ethical Committee of Harbin Medical University. Meanwhile, written informed consent was obtained from all healthy donors or acute ischemic stroke patients at the Second Affiliated Hospital of Harbin Medical University. A total of 23 patients (age range, 44‑83 years; median age, 65; 12 males and 11 females) confirmed by CT or MRI within 5 days from onset were enrolled between April 2017 and August 2017 and were used as the research subjects. A total of 23 healthy volunteers (age range, 41‑78 years; median age, 61; 13 males and 10 females) who underwent physical examination at the hospital during the same period and had no history of acute myocardial infarction and stroke were included as healthy control subjects. Exclusion criteria were: Aged \<18 years old; suffering from cancer; pregnancy; patients with severe chronic diseases of the heart, liver, kidney or lung. In the present study, all experimental protocols were performed according to the approved guidelines and collected serum were immediately frozen in liquid nitrogen until further miR-186-5p analysis.

Cell culture and OGD establishment and preparation
--------------------------------------------------

SH-SY5Y cells were obtained from the American Type Culture Collection (Manassas, VA, USA). The cells were cultured in Dulbecco\'s Modified Eagle\'s Medium (DMEM) (HyClone, Logan, UT, USA) supplemented with 10% fetal bovine serum (Biological Industries, Beit-Haemek, Israel) and incubated in a humidified atmosphere of 5% CO2 at 37℃. The SH-SY5Y cells were cultured in OGD conditions for 10 h to mimic cerebral ischemia *in vitro*. Briefly, the SH-SY5Y cells complete culture medium was changed to glucose-free DMEM medium, and the culture flask was placed in a sealed tank with N~2~/CO~2~/O~2~ (94%/5%/1%) for 30 min, resulting in an oxygen content of 2-3%. SH-SY5Y cells were then washed three times with this medium and incubated for 10 h in an oxygen-free N~2~/CO~2~/O~2~ (94%/5%/1%) atmosphere. Thereafter, the medium was replaced by standard culture medium. Conditioned medium was collected at 0, 12, 24 and 48 h after reoxygenation respectively for further studies. SH-SY5Y cells were harvested at 24 h, for MTT, flow cytometry, western blot and TUNEL.

Cell apoptosis by flow cytometry
--------------------------------

miR-186-mimics (5\'- CAAAGAAUUCUCCUUUUGGGCU-3\') and miR-186 inhibitor (5\'- AGCCCAAAAGGAGAAUUCUUUG -3\') that have been used in this study are products of synthetic chemistry. Cell apoptosis was analyzed by use of flow cytometry and double staining cells with Annexin V and propidium iodide (PI). After treatment with miR-NC, miR-186-mimics, miR-186 inhibitor, pCMV6 empty vector, pCMV6 + IGF-1, miR-NC, miR-186-mimisc + pCMV6-empty or miR-186-mimisc + pCMV6-IGF-1 in OGD/R, the neurons plated in 6-well cell culture cluster were washed twice with PBS and subjected to Annexin V-FITC/PI double staining at room temperature in the dark as described in the manufacturer\'s instructions (Annexin V-FITC Apoptosis Detection Kit (BD Biosciences, San Jose, CA)). After 15 min of staining, the neurons were analyzed by flow cytometry (BD Bioscience, San Jose, CA) and the apoptotic rate was determined.

Real-time polymerase chain reaction (PCR) analysis
--------------------------------------------------

Real-time PCR was used to measure mRNA level of miR-186-5p and IGF-1, besides miR-186 was quantified by TaqMan probe (ID 002285) according to the instruction and operation manual. Total RNA was extracted using the TRIzol reagent (Thermo Fisher Scientific, Waltham, MA, USA) from tissues and cells. First-strand cDNA was synthesized using a reverse transcriptase kit (Applied Biosystems, Foster City, CA, USA) according to the manufacturer\'s instructions. Real-time PCRs were carried out with a SYBR Green PCR Master Mix Kit (Applied Biosystems) and performed on a 7500 FAST Real-Time PCR System (Applied Biosystems). GAPDH was used as an internal control. The following primers were used in this study. miR-186-5p; Forward, 5\'- AAGAATTCTCCTTTTGGGCT -3\', Reverse, 5\'- GTGCGTGTCGTGGAGTCG -3\'; IGF-1; Forward, 5\'- TGTGTGGAGACAGGGGCTTT -3\', Reverse, 5\'- TTGGCAGGCTTGAGGGGT -3\'; GAPDH; Forward, 5\'-ATCACTGCCACCCAGAAGAC3\', Reverse, 5\'-TTTCTAGACGGCAGGTCAGG-3\'.

Western blot analysis
---------------------

The concentration of protein samples extracted from tissues and cells was determined using the BCA Protein Assay kit (Bio-Rad, Mississauga, ON, Canada). Protein samples were separated with 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel and transferred onto polyvinylidene fluoride (PVDF) membranes. After blocking in 5% nonfat milk for 2 hours at room temperature, the membranes were treated with antibodies against caspase 3, cleaved caspase 3 and IGF-1 (Cell Signaling Technologies) and GAPDH (Santa Cruz Biotechnology, Santa Cruz, CA, USA) overnight at 48°C, followed by secondary antibodies at room temperature for 1 hour. Western blot bands were quantified using Odyssey v1.2 software by measuring the band intensity (area × OD) for each group. GAPDH served as an internal control.

MTT assay
---------

Cell viability was determined by MTT assay according to the manufacturer\'s instructions. Briefly, cells (2×10^4^ cells/well) were seeded in a 96-well plate and treated with miR-NC, miR-186-mimics, miR-186 inhibitor, pCMV6 empty vector, pCMV6 + IGF-1, miR-186-mimisc + pCMV6-empty or miR-186-mimisc + pCMV6-IGF-1 in OGD/R. After treatment, 20 μL of MTT solution (0.5 mg/mL) (Sigma Aldrich Co.) was added to each well and incubated at 37°C for 48 hours. After carefully removing the culture medium, 200 μL of dimethyl sulfoxide (DMSO) was added to each well to dissolve the formazine granular, and the absorbance at 490 nm was measured using a microplate reader.

Terminal deoxynucleotidyl transferase (TdT)-mediated-digoxigenin-11-dUTP nick end labeling (TUNEL)
--------------------------------------------------------------------------------------------------

TUNEL was used to detect DNA fragmentation in SH-SY5Y cells treated with miR-NC, miR-186-mimics or miR-186 inhibitor in OGD/R according to the instructions of TUNEL kit.

Enzyme-linked Immunosorbent Assay (ELISA)
-----------------------------------------

The levels of IGF-1was measured by ELISA kits (70-EK11312, Kelian Bio-Tech, Hangzhou, China) according to the manufacturer\'s protocols. The intra- and inter-assay CV are less 10%.

Luciferase assay
----------------

Both IGF-1 3\'-UTRs containing conserved miR-186-5p binding sites and the mutated 3\'-UTRs were synthesized by RIBOBIO (Guangzhou, China), and amplified by PCR. The 3\'-UTR luciferase vector was cotransfected with miR-186-5p mimics into HEK293 cells using Lipofectamine 2000 (Invitrogen) and Renilla luciferase reporters were used as internal control. A luciferase activity assay was performed after 48 h using the Dual-Luciferase Reporter Assay System (Promega Biotech Co., Ltd.) according to the manufacturer\'s instructions.

Statistical analysis
--------------------

Data are expressed as the mean ± standard error of mean (SEM), and analyzed with SPSS 13.0 software (IBM Corporation, Armonk, NY, USA). Differences between two groups were examined using Student\'s t-test. Differences among multiple groups were evaluated using analysis of variance (ANOVA). A two-tailed P\<0.05 was considered as statistically significant.

Results
=======

IntracellularmiR-186-5p mRNA expression in OGD/R model
------------------------------------------------------

GEO analysis indicated potential miRNA networks and target genes and we found obvious expression changes of hsa-miR-30a-5p, hsa-miR-30d-5p, hsa-miR-185-5p, hsa-miR-186-5p, hsa-miR-324-5p, hsa-miR-342-3p and hsa-miR-361-5p in OGD10h/R model, among which hsa-miR-186-5p was the most significant. Besides, studies have shown that miR-186-5p has a close relationship with CNS diseases and ischemic diseases. Therefore, we focus the role miR-186-5p plays in stroke. Firstly, we use SH-SY5Y cells to build an OGD/R model *in vitro* to mimic ischemia and reperfusion. As shown in Figure [1](#F1){ref-type="fig"}, mRNA level of intracellular miR-186-5p was dramatically higher than that of control group in OGD10h/R model. Besides, the expression of miR-186-5p increased gradually and reached its peak at 24 h. Other studies have found that OGD10h inducing SH-SY5Y cell apoptosis is also most obvious at R24 h. Taken together, we make a bold hypothesis that miR-186-5p might be associated with apoptosis in ischemia and reperfusion.

miR-186-5p had no effect on apoptosis on normal SH-SY5Y cells
-------------------------------------------------------------

SH-SY5Y cells were treated with miR-NC, miR-186-mimics or miR-186-inhibitor. As expected, miR-186 mimics and inhibitor had a strong promoting or suppression effect on miR-186-5p mRNA expression (Figure [2](#F2){ref-type="fig"}A). Then cell apoptosis was measured by flow cytometry using Annexin V-FITC and PI double staining. However, according to flow cytometry analysis, both miR-186 mimics and inhibitor could not influence cell apoptosis compared with control and miR-NC groups (Figure [2](#F2){ref-type="fig"}B, C).

miR-186-5p reduced viability and motility of SH-SY5Y cells by inducing apoptosis
--------------------------------------------------------------------------------

But in OGD10h/R24h model, the results were quite different. As demonstrated by MTT assay, reperfusion led to a reduction of SH-SY5Y cell viability. miR-186-mimics showed a more significant inhibition on cells and miR-186-inhibitor reversed this suppression effect (Figure [3](#F3){ref-type="fig"}A). In flow cytometry assay, apoptosis rate was consistent. A stronger activation of apoptosis was observed in miR-186-mimics group than that of control and miR-NC groups. While it was reduced by miR-186 inhibitor (Figure [3](#F3){ref-type="fig"}B, C). As we all known, apoptosis shows positive terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL) staining in apoptotic cells death. Figure [3](#F3){ref-type="fig"}D showed the fluorescent signal of TUNEL and DAPI staining of SH-SY5Y cells in OGD10h/R24h model: TUNEL staining to monitor DNA damage, and DAPI staining to monitor morphological changes of nuclei. In the non-treated or miR-NC groups, there was a small number of dead cells. The cell death rate was significantly increased at 24 h after treated with miR-186 mimics. However, the increase was markedly reduced in the groups treated with inhibitor targeting miR-186-5p (Figure [3](#F3){ref-type="fig"}D). Cleaved caspase 3, the active form of caspase 3, is an acknowledged marker of apoptosis. We then test the changes of different forms of caspase 3 in protein level by western blot. The variation trend was the same as the above (Figure [3](#F3){ref-type="fig"}E). OGD10h/R24h caused an increasing caspase 3 protein expression, meanwhile mimics and inhibitor had a positive or negative effective independently. So was the cleaved caspase 3 but there was nearly no cleaved caspase 3 expression in normal SH-SY5Y group. These results suggested miR-186-5p was upregulated in OGD10h/R and apoptosis was promoted by miR-186-5p only in OGD10h/R condition. However, miR-186-5p had no influence on apoptosis in normal SH-SY5Y cells.

miR-186-5p negatively modulates IGF-1 expression
------------------------------------------------

We further explored the mechanism of how miR-186-5p enhanced apoptosis in OGD/R. TargetScan predicted that Insulin-like growth factor (IGF)-1 was of miR-16-5p biological targets. After treated with OGD10h/R24h, there was a remarkable overexpression of IGF-1 mRNA in SH-SY5Y cells. At the same time, miRNA-186-minics suppressed while miRNA-186-inhibitor enhanced IGF-1 mRNA expression (Figure [4](#F4){ref-type="fig"}A). As to protein level, same results were observed through western blot and ELISA assays (Figure [4](#F4){ref-type="fig"}B, C).

IGF-1 suppressed miR-186-5p inducing cell apoptosis
---------------------------------------------------

To further explore the effects of miR-186-5p and IGF-1 on cell apoptosis, we constructed sh-IFG-1. As shown in Fig [5](#F5){ref-type="fig"}A and [5](#F5){ref-type="fig"}B, there were obvious higher expression of IGF-1 on both mRNA and protein level after cells were transfected with sh-IFG-1. Then we tested cell apoptosis rate by flow cytometry, similar to Fig [3](#F3){ref-type="fig"}, miR-186-mimic up-regulated total apoptosis rate in OGD10h/R24h model, but this effect was reversed by IFG-1(Fig [5](#F5){ref-type="fig"}C, D). In TUNEL assay, as expected, IGF-1 could also inhibit apoptosis induced by miR-186-5p (Fig [5](#F5){ref-type="fig"}E).

Direct targeting effect of miR-186-5p on the 3\' UTR of IGF-1
-------------------------------------------------------------

Previous study showed that miR-185-5p played an important role in ischemia and reperfusion, by means of testing miR-185-5p\'s affection on IGF-1, we predicted that miR-186-5p was involved in the interaction between IGF-1 and apoptosis. Analyses indicated a direct targeting effect of miR-186-5p on the 3\' UTR of IGF-1 (Figure [6](#F6){ref-type="fig"}A). We cloned the 3\' UTR of 3 wild types of IGF-1 mRNA into a luciferase reporter vector and transfected the cloned plasmid with either scrambled miRNA or miR-186-5p into SH-SY5Y cells. The plasmids were WT-1 (Position 1903-1909 of IGF1 3\' UTR), WT-3 (Position 3676-3682 and 4184-4190 of IGF1 3\' UTR) and WT-2 (Position 6594-6600 of IGF1 3\' UTR). MiR-186-5p did not suppress the luciferase activity of the reporter vector containing 3\' UTR of IGF-1-WT1 and WT2 with single-point mutations in the miR-186-5p-binding site (Figure [6](#F6){ref-type="fig"}B). But miR-186-5p could significantly inhibit the luciferase activity of IGF-1-WT3 containing two mutations compared with the others. Then, another three WT3 plasmids were built, including (3676-3682 and 4184-4190 co-mutation), MT-2 (3676-3682 mutation, 4184-4190 wild type) and MT-3 (4184-4190 mutation, 3676-3682 wild type). As shown in Figure [6](#F6){ref-type="fig"}C, only MT-3 had a significance difference, suggesting that 3676-3682 was miR-186-5p binding site and miR-186-5p could directly interact with IGF-1.

miR-186-5p was upregulated in ischemic stroke patients\' serum
--------------------------------------------------------------

To confirm our finding in ischemic stroke patients, we studied miR-186-5p serum concentration in 23 healthy and 23 patients. The median age of patients included in this study was 65 (IQR, 44-83) years and 52.2% were men. The median NIHSS score on admission was 11 points (IQR, 2 to 16). As expected, serum miR-186-5p level was higher in ischemic stroke patients as compared to control group (*P*= 0.029; Figure [7](#F7){ref-type="fig"}.), which had the same trend in OGD/R model experiments.

Discussion
==========

Ischemic stroke, which leads to severe disability in adults, makes up approximately 87% of all stroke cases and has been intensively studied[@B7], [@B8]. However, effective therapies are limited by several reasons, such as the complex interaction among different signal pathways, the rapid development of brain injury after ischemia, the appropriate treatment window for specific targets[@B1], [@B9]. Even though large amount of efforts was spent on preclinical trials targeting agents that involved in the pathophysiologic mechanisms, results were far from satisfactory. In recent years, accumulating evidence has demonstrated that miRNAs have also neuroprotective roles in ischemic stroke [@B9]-[@B11].

miR-186-5p has been found to play dual roles either as an oncogene or a tumor suppresser gene in several kinds of cancers[@B12]. For example, in NSCLC cells, miR-186-5p suppresses tumor proliferation by regulating cyclin D1, CDK2 and CDK6, and miR-186-5p downregulation is correlated with poor survival[@B13]. On the contrary, miR-186-5p also acts as an oncogene to promote endometrial tumorigenesis by inhibiting the expression of tumor suppressor gene FOXO1[@B14]. Besides, miR-186-5p is previously reported to serve as a circulating biomarker of cardiovascular risk and facilitate the diagnosis of acute coronary syndrome[@B6], [@B15]. As reported, blood-brain barrier (BBB) was destroyed and its permeability was enhanced in ischemic stroke[@B16], [@B17]. Thus, more small molecule materials can go through BBB and go into blood circulation. Therefore, miR-186-5p in serum reflects its concentration in central nervous system. In this study, we found that miR-186-5p was upregulated dramatically both in OGD/R model and ischemic stroke patients\' serum. It may be a potential serum diagnostic marker of ischemic stroke. Other researches prove that miR-186-5p can modulate apoptosis in a certain type of human cells[@B18], [@B19].There was also an obvious apoptosis induced by miR-186-5p in OGD/R SH-SY5Y cells, demonstrated by our *in vitro* experiments.

IGF-1, regulated by growth hormone, is present in many cell types, including neurons and glia [@B20]. It is essential for the development of the nervous system, hippocampal neurogenesis, and neurotransmission [@B21]. IGF-1 regulates cell growth, differentiation and survival of neuronal cell lines, and is one of the most potent anti-apoptotic growth factors present in eukaryotic cells[@B22], [@B23]. IGF-1 has a neuroprotective effect in stroke animal model, and high serum IGF-1 levels just after ischemic stroke onset are associated with better neurological recovery and functional outcome, suggesting that the endogenous IGF-1 level impacts on the evolution of cerebral infarction [@B24], [@B25].

The blood-brain barrier (BBB) is a dynamic interface between brain compartments and blood vessels that can efficiently protect nerves from injury and infection. But an increase of permeability of BBB was observed after cerebral ischemia, and there are even some new administration methods that deliver drugs systemically depend on the breakdown of BBB[@B26]. There is increasing evidence showing microRNAs can cross BBB because of ischemia-induced cerebral endothelial injury and BBB leakage[@B27], [@B28]. Therefore, microRNAs can be found in circulatory biofluids, such as blood and blood components, plasma and serum. Blood and blood components are primary sources where miRNAs are released in either an encapsulated form with microvesicle particles, such as exosome, or are in cell-free form and then bind to protein components[@B29]. In further research, we will explore what is the major format of miR-186-5p in serum and how it binds to or taken up by neurons in brain. Besides, we will also try to find more genes and pathways regulated by miR-186-5p in ischemic stroke.

Here, we found miR-186-5p could directly suppressed IGF-1 expression and induced remarkable apoptosis of neurons, which meant that miR-186-5p played a harmful role in ischemic stroke. But, miR-186-5p inhibitor could eliminate this negative effect and might be a good drug for the therapy of stroke by inhibiting neurons\' apoptosis.
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![Change in intracellular miR-186-5p level in SH-SY5Y cells OGD10h/R model at the different time points, detected by qRT-PCR. The level of intracellular miR-186-5p was significantly increased, and reached its peak at 24 h. \*\**P* \< 0.01 versus control group; results are representative of three separate independent experiments.](ijbsv14p1791g001){#F1}

![The effect of miR-186-5p on the apoptotic rate of SH-SY5Y cells. **(A)** qRT-PCRs were conducted to detect miR-186-5p mRNA expression under normal condition or with different treatment. **(B)** Annexin V-FITC/PI double-staining cells were examined by flow cytometry. **(C)** Analysis of apoptotic rate. \*\**P* \< 0.01 versus control group; results are representative of three separate independent experiments.](ijbsv14p1791g002){#F2}

![The effect of miR-186-5p on the apoptotic rate of the OGD/R-treated SH-SY5Y cell. The SH-SY5Y cells were treated with miR-NC, miR-186-mimics or miR-186-inhibitor. **(A)** MTTs were conducted to detect SH-SY5Y cell viability in OGD/R model with different treatment. **(B)** Annexin V-FITC/PI double-staining cells were examined by flow cytometry. **(C)** Analysis of apoptotic rate. Cell apoptosis was analyzed by use of flow cytometry and double staining cells with Annexin V-FITC and propidium iodide. **(D)** SH-SY5Y cells in OGD/R group were treated with miR-NC, miR-186-mimics or miR-186 inhibitor for 48 h. A representative image of TUNEL assay was shown. TUNEL - positive cells, green; nuclei, blue. Scale bar: 100 μm. **(E)** Western blots were performed to detect the expression of Caspase 3 and cleaved Caspase 3. GAPDH was used as internal control. The bands were shown. \**P* \< 0.05, \*\**P* \< 0.01 versus control or miR-NC group; results are representative of three separate independent experiments.](ijbsv14p1791g003){#F3}

![miR-186-5p affected IGF-1 expression in OGD/R-treated SH-SY5Y cell. SH-SY5Y cells in OGD/R group were treated with miR-NC, miR-186-mimics or miR-186 inhibitor. **(A)** IGF-1 mRNA expression was detected by qRT-PCR. **(B)** Tthe protein expression of IGF-1 was analyzed by western blots. GAPDH was used as internal control. **(C)** IFG-1 was quantified by ELISA. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 versus control or miR-NC group; results are representative of three separate independent experiments.](ijbsv14p1791g004){#F4}

![IGF-1 reduced miR-186-5p inducing cell apoptosis. SH-SY5Y cells were transfected with the pCMV6 empty vector, pCMV6 + IGF-1, miR-NC, miR-186-mimisc, miR-186-mimisc + pCMV6-empty or miR-186-mimisc + pCMV6-IGF-1 in normal or OGD10h/R24 conditions. **(A)** IGF-1 mRNA expression was detected by qRT-PCR. **(B)** The protein expression of IGF-1 was analyzed by western blots. GAPDH was used as internal control. **(C)** Annexin V-FITC/PI double-staining cells in different treatment groups were examined by flow cytometry. **(D)** Analysis of apoptotic rate. **(E)** A representative image of TUNEL assay was shown. TUNEL - positive cells, green; nuclei, blue. Scale bar: 100 μm. \**P* \< 0.05, \*\**P* \< 0.01 versus pCMV6 + empty, miR-NC or control or miR-186-mimisc + pCMV6-empty group; results are representative of three separate independent experiments.](ijbsv14p1791g005){#F5}

![miR-186-5p regulated IGF-1. **(A)** Predicted consequential pairing of target region and miRNA. **(B, C)** Luciferase report assay was performed to detect the interaction between miR-186-5p and IGF-1. \*\**P* \< 0.01 versus NC group; results are representative of three separate independent experiments.](ijbsv14p1791g006){#F6}

![Serum miR-186-5p levels in acute ischemic stroke patients and control group. Significantly higher in stroke patients as compared to control cases (*P* =0.029); results are representative of three separate independent experiments.](ijbsv14p1791g007){#F7}
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